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1 lc4oTR*t$tiT[ilteltRffiCfc 5-o©t£ (fl 
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*^s<B7t*(C^UTffiW-rSc PBS 3 2*>P>tBJH 
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ttSttot'foS, rcO{l'L^U'VX4 0(4, PBS 3 

X) 4 2, 4 4 75>ib&5t>»-t:-fc-5„ Al-:/X4 2, 4 
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(54) ILLUMINATION OPTICAL SYSTEM, LIQUID CRYSTAL DISPLAY DEVICE AND PROJECTOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an illumination optical system 
constituted so that the stripe of a formed image and color irregularity 
in an illumination area may not be caused without losing the simplicity 
of constitution by using a light transmitting body such as a rod, and a 
liquid crystal display device and a projector utilizing the illumination 
optical system. 

SOLUTION: This illumination optical system is equipped with a light 
source device 10, the bar-like light transmitting body 20 whose 
incident-side end face is arranged at or near the focal point of bundle 
of rays emitted from the device 10, a polarized light generating optical 
system 30 arranged on or near the emitting-side end face of the light 
transmitting body 20 or a middle part, and an eccentric type lens 40 
arranged on the optical paths of the transmission system and the 
reflection system of the optical system 30. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the lighting optical system using the 
cylindrical optical-transmission object, the liquid crystal display using this lighting optical system, and a projector. 
[0002] 

[Description of the Prior Art] The liquid crystal display of an active method is used for the projector. This liquid crystal 
display (called a liquid crystal light valve.) has TFT (TFT), diode, etc. as a driver element for every pixel, and forms a 
picture by modulating the light which carries out incidence according to image information (picture signal). And as 
shown in JP,2000-292740,A, a general projector The lighting optical system containing the polarization generating 
optical system which changes and carries out outgoing radiation of the light without the bias by which outgoing 
radiation was carried out to a predetermined linearly polarized light light from the light source, The colored light 
separation optical system which separates into the colored light of three colors of red, green, and blue the linearly 
polarized light light by which outgoing radiation was carried out from lighting optical system, It has the composition of 
providing three liquid crystal light valves which modulate each colored light according to image information (picture 
signal), the colored light composition optical system which consists of a cross dichroic prism which compounds each 
modulated colored light, and the projection optical system which projects the compounded light on a screen. 
[0003] The trouble of the conventional technology in the lighting optical system of such a liquid crystal light valve is 
explained using a drawing. The schematic diagram of the conventional lighting optical system is shown in drawing 8 . 
This lighting optical system 700 consists of light equipment 710 and integrator optical system 720, and light equipment 
710 consists of a light source lamp 71 1 and a parabolic mirror (parabola reflector) 712. The integrator optical system 
720 is equipped with the 1st lens array 722, the 2nd lens array 724, the gobo 726, the polarization sensing-element 
array 727, the lambda / 2 phase-contrast board 728 (however, lambda wavelength of light), and the **** lens 729. 
[0004] abbreviation to which outgoing radiation of the 1st lens array 722 is carried out from light equipment 710 - it is 
the multi-lens array which divides an parallel bundle of rays into two or more partial bundle of rayses, and has two or 
more small lens 722a The 2nd lens array 724 and the **** lens 729 are for carrying out image formation so that the 
divided partial bundle of rays may be laid on top of the lighting field of a liquid crystal panel 900, and they are a multi- 
lens array which has small lens 724a corresponding to small lens 722a of the 1st lens array 722. 
[0005] Opening 726a and shading section 726b were arranged in the shape of a stripe by turns, and a gobo 726 has the 
function to adjust the amount of incident lights which carries out incidence to the polarization sensing-element array 
727 through opening 726a. The polarization sensing-element array 727 is a polarization beam splitter array which has 
the function which changes and carries out outgoing radiation of the bundle of rays by which incidence was carried out 
to one kind of linearly polarized light light (s-polarized light light or p-polarized light light), and has polarization 
demarcation membrane 727a and reflective film 727b. lambda / 2 phase-contrast board 728 arranged alternatively are 
formed in the outgoing radiation side of this polarization sensing-element array 727. 

[0006] The **** lens 729 is a plano-convex lens which has a spherical-surface-like convex, and has the function which 
each of one kind of linearly polarized light light is superimposed on the lighting field of a liquid crystal panel 900 with 
the polarization sensing-element array 727, and the lambda / 2 phase-contrast board 728, and is irradiated. 
[0007] abbreviation by which outgoing radiation was carried out from light equipment 710 in the lighting optical 
system 700 constituted as mentioned above - the partial bundle of rays which the parallel bundle of rays was divided 
into two or more partial bundle of rayses by the 1st lens array 722, and was divided, respectively is further condensed 
by the 1st lens array 722 at the polarization sensing-element array 727 In this polarization sensing-element array 727, it 
is reflected by polarization demarcation membrane 727a, it is further reflected by reflective film 727b, and outgoing 
radiation of the s-polarized light light of each partial bundle of rays is carried out from the opening layer of lambda / 2 
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phase-contrast board 728 with s-polarized light light. On the other hand, polarization demarcation membrane 727a is 
penetrated, and the polarization direction is changed into the p-polarized light light of each partial bundle of rays by 
lambda / 2 phase-contrast board 728, and it turns into s-polarized light light, and carries out outgoing radiation. Thus, 
since the partial bundle of rays almost changed into one kind of linearly polarized light light is made to superimpose on 
the lighting field of a liquid crystal panel 900 with the **** lens 729, the luminous-intensity distribution which 
irradiates a lighting field can be mostly made into homogeneity. 

[0008] However, as mentioned above, since the conventional lighting optical system 700 consisted of light equipment 
710, the 1st lens array 722, the 2nd lens array 724, the gobo 726, a polarization sensing-element array 727, lambda / 2 
phase-contrast board 728, and a **** lens 729, it had a multi-lens and problems, like in addition to this, need many 
optical members, composition is complicated, and the optical path length becomes long. 

[0009] Then, in order to consider lighting optical system as easier composition, the lighting optical system which used 
the rod (rod integrator) is known. For example, as shown in drawing 9 , it considers as the composition using the rod 
820 which attached the polarization beam splitter (it is written as PBS.) 830 in the outgoing radiation side edge side. 
That is, this lighting optical system 800 consists of light equipment 810, a rod 820, PBS830, and a lens 840. 
[0010] Light equipment 810 consists of a light source lamp 811 and an ellipse reflector 812. A rod 820 is a cylindrical 
optical-transmission object which consists of glass material, a cross section is a square, and the side (inside) is set up so 
that light may carry out total reflection. This rod 820 is arranged in the shape of the said heart on the light source 
optical axis 801, and the incidence side edge side 821 of a rod 820 is arranged near the 2nd focus of the ellipse 
reflector 812. 

[001 1] PBS830 is an optical element which has the polarization demarcation membrane 832 which separates into s- 
polarized light light and p-polarized light light the bundle of rays by which outgoing radiation is carried out from a rod 
820, reflects s-polarized light light, and penetrates p-polarized light light, and the reflector 834 which reflects the 
reflected s-polarized light light again, and carries out outgoing radiation from an effective area. And lambda / 2 phase- 
contrast board 836 is attached in the outgoing radiation side of PBS830 so that outgoing radiation of the p-polarized 
light light which penetrated the polarization demarcation membrane 832 may be further changed and carried out to s- 
polarized light light. 

[0012] The lens 840 is arranged in the position which moreover uses the boundary position 83 1 as a focus so that the 
optical axis 841 of a lens 840 may come to the position 831 which consisted of a convex lens and carried out 
eccentricity from the light source optical axis 801, i.e., the boundary position of the transparency system of PBS830, 
and a reflective system. 

[0013] If the lighting optical system 800 with such a rod 820 is used, since outgoing radiation of the bundle of rays 
emitted from light equipment 810 is carried out from an outgoing radiation side edge side, connecting a focus to the 
incidence side edge side 821 of the rod lens 820 arranged near the 2nd focus of the ellipse reflector 812 (****(ing)), 
and reflecting multiply on the side (inside) of a rod 820, the illumination distribution of an outgoing radiation side edge 
side will become uniform. By and PBS830 attached in the outgoing radiation side edge side of a rod 820 Separate into 
two linearly polarized light light the bundle of rays by which outgoing radiation is carried out from a rod 820, and one 
p-polarized light light penetrates the polarization demarcation membrane 832. The transparency system which 
furthermore changes the polarization direction with lambda / 2 phase-contrast board 836, and carries out outgoing 
radiation, nothing, and the s-polarized light light of another side make with the reflective system reflected by the 
polarization demarcation membrane 832 and the reflector 834, respectively, and carry out incidence to both the lenses 
840. And the lighting field of a liquid crystal panel 900 is made to carry out image formation of the bundle of rays of 
the linearly polarized light light from which the transparency system and the reflective system were respectively 
separated with this lens 840. 

[0014] However, since a transparency system and a reflective system are in an opposite side on both sides of an optical 
axis 841 with the composition of this lighting optical system 800, the transparency system is illuminating the space 
vertical half of a liquid crystal panel 900 and the reflective system is illuminating the space very best half of a liquid 
crystal panel 900 There was a problem which the line of image formation is made in the center section of the lighting 
field, and color nonuniformity produces to a lighting field since the reflection factor of the polarization demarcation 
membrane 832 cannot necessarily be manufactured to 50% of pairs 50% by the transparency system and the reflective 
system (for example, a reflective system becomes [ a transparency system ] 45% 55%). 

[0015] As one means for solving the above-mentioned trouble, as shown in drawing 10 , two convex lenses constitute a 
tandem system and there are some which arrange PBS in the meantime. In this lighting optical system 802, the 1st lens 
824 is arranged on the light source optical axis 801, the bundle of rays by which outgoing radiation is carried out from 
a rod 820 with the 1st lens 824 is parallel-ized, and incidence of this parallel light is carried out to PBS830. In PBS830, 
since it separates into two linearly polarized light light as mentioned above, and incidence of both a transparency 
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system and the reflective system is carried out to the 2nd lens (pile ** lens) 840 with parallel light, since the image 

formation of a transparency system and a reflective system overlaps, in the lighting field of a liquid crystal panel 900, 

the color nonuniformity of the line of the above image formation or a lighting field can be lost. 

[0016] However, in this lighting optical system 802, since the 1st lens 824 and the 2nd lens 840 needed to have focal 

distances fl and f2, respectively, the optical path length became long and the 2nd lens 840 major-diameter-ized, the 

part mark to which lighting optical system becomes large increased, and there were problems, such as becoming cost 

quantity. 

[0017] 

[Problem(s) to be Solved by the Invention] As mentioned above, although composition became easy rather than what 
used the multi-lens, since the color nonuniformity of the line of image formation or a lighting field arose or the 
composition for canceling this also used two convex lenses in the liquid crystal panel, with the lighting optical system 
using the conventional rod, there were problems, like lighting optical system becomes large and becomes cost quantity. 

[0018] It was made in order that this invention might solve this technical problem, and the conciseness of the 
composition by using the optical-transmission object like a rod aims at offering the lighting optical system it was made 
not to produce the color nonuniformity of the line of image formation, or a lighting field, without losing. Moreover, 
other purposes of this invention are by using this lighting optical system to offer compact and cheap a liquid crystal 
display and a projector. 
[0019] 

[Means for Solving the Problem] The cylindrical optical-transmission object with which the incidence side edge side 
has been arranged in the focus of the bundle of rays to which outgoing radiation of the lighting optical system 
concerning this invention is carried out from light equipment and the aforementioned light equipment, or its near, It is 
characterized by having the eccentric system lens arranged on the optical path of the polarization generating optical 
system arranged at the outgoing radiation side edge side, its near, or the pars intermedia of the aforementioned optical- 
transmission object, the transparency system of the aforementioned polarization generating optical system, and a 
reflective system. 

[0020] In the lighting optical system of this invention, since this eccentric system lens is arranged using an eccentric 
system lens on the optical path of the transparency system of polarization generating optical system, and a reflective 
system, in the lighting field of a liquid crystal panel, the image of a transparency system and the images of a reflective 
system overlap, and since image formation will be carried out, the line of image formation is not produced in the center 
section of the lighting field. Moreover, since a transparency system and a reflective system are laid on top of a lighting 
field with an eccentric system lens and it is made to **** even when it similarly cannot necessarily do by the 
transparency system and the reflective system, since the permeability of the polarization demarcation membrane of 
polarization generating optical system is the variation on manufacture (unescapable variation), a lighting field serves as 
almost same illumination distribution, and neither color nonuniformity nor light and darkness is produced. 
[0021] In the lighting optical system of this invention, an ellipse reflector is used for the reflecting mirror of light 
equipment as a way stage made to **** to a focus the bundle of rays by which outgoing radiation is carried out from 
light equipment. In this case, the bundle of rays of the radial by which outgoing radiation is carried out from a light 
source lamp can be reflected by the ellipse reflector, and another 2nd focus can be made to **** by arranging a light 
source lamp to one 1st focus of an ellipse reflector. Therefore, the bundle of rays from light equipment can be 
efficiently transmitted by arranging the incidence side edge side of an optical-transmission object to the 2nd focus of 
an ellipse reflector, or its near. 

[0022] Another means made to **** to a focus the bundle of rays by which outgoing radiation is carried out from light 
equipment uses a parabola reflector for the reflecting mirror of light equipment, makes the bundle of rays of the radial 
by which outgoing radiation is carried out from the light source lamp arranged at the focus with parallel light, and it is 
made it to carry out incidence to a convex lens. Therefore, the same effect as the above is acquired by arranging the 
incidence side edge side of an optical-transmission object to the focus of this convex lens, or its near. However, since 
one part mark increase compared with invention according to claim 2, although it cannot deny a bird clapper to cost 
quantity a little in the limitation, the compactability as the whole composition of lighting optical system hardly 
changes. In addition, from a viewpoint of efficient use of lighting light, the direction of invention according to claim 2 
which does not contain a convex lens is excellent. 

[0023] It is appropriate for an optical-transmission object to use the rod which can generally come to hand cheaply. A 
rod is arranged in the shape of the said heart on a light source optical axis. Although especially the cross-section 
configuration of a rod is not limited, generally it is a square. 

[0024] Polarization generating optical system consists of a polarization beam splitter containing a polarization 
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demarcation membrane and a reflective film. Polarization generating optical system is arranged at the outgoing 
radiation side edge side, its near, or the pars intermedia of an optical-transmission object (rod). You may attach in the 
outgoing radiation side edge side of an optical-transmission object (rod) directly, and a crevice may be prepared and 
arranged a little. Moreover, you may make it placed between the pars intermedia of an optical- transmission object 
(rod). Thus, polarization generating optical system can be arranged to the outgoing radiation side of an optical- 
transmission object (rod) in arbitrary positions. 

[0025] moreover, the translucency which constitutes the reflective system of polarization generating optical system - it 
comes to adjust the interval of a transparency system and a reflective system by adjusting the length of a member 
namely, the translucency which constitutes the reflective system of polarization generating optical system — the 
interval of a transparency system and a reflective system can be freely set up with the length of a member and this 
translucency the straight line which connects the cross-section center of a member and the center of the lighting field 
of a liquid crystal panel is set up as a system optical axis, and a system optical axis turns into reference axis of an 
eccentric system lens In addition, a system optical axis is an eccentric shaft parallel to a light source optical axis. 
[0026] Since the interval of the transparency system of polarization generating optical system and a reflective system 
can be set up freely, polarization generating optical system can consist of a polarization beam splitter arranged at the 
transparency system, and a total reflection prism arranged at the reflective system. That is, a total reflection prism is 
substituted for the translucency member which has the reflective film of a polarization beam splitter. 
[0027] Moreover, since the interval of the transparency system of polarization generating optical system and a 
reflective system can be set up freely, the translucency member of the letter of a block or the letter of a chip can also be 
made to intervene between a polarization beam splitter and a total reflection prism. 

[0028] A phase contrast board is arranged in either the transparency system of polarization generating optical system, 
or a reflective system. Since polarization generating optical system is formed in order to use efficiently lighting light 
without the bias by which outgoing radiation is carried out from light equipment, it can carry out outgoing radiation of 
most lighting light without a bias as one kind of linearly polarized light light by arranging a phase contrast board in 
either a transparency system or a reflective system. 

[0029] The outgoing radiation side of polarization generating optical system serves as a lighting field and an analog. 
This will be overlapped on the lighting light (bundle of rays) of a transparency system and a reflective system to a 
lighting field in the completely same size. However, when polarization generating optical system is made to be placed 
between the pars intermedia of an optical-transmission object, the outgoing radiation side of an optical-transmission 
object serves as a lighting field and an analog. 

[0030] An eccentric system lens consists of a convex lens of two sheets arranged at the transparency system and 
reflective system of polarization generating optical system, respectively. The lighting light of a transparency system 
and a reflective system can be made to superimpose on a lighting field in the completely same size with this convex 
lens of two sheets. 

[0031] To the system optical axis parallel to the light source optical axis of light equipment, eccentricity of the convex 
lens of two sheets is mutually carried out to an opposite direction, and it is arranged. That is, on both sides of a system 
optical axis, each convex lens is arranged on the straight line which intersects perpendicularly with a system optical 
axis at an opposite side. Eccentricity of the center of each convex lens is carried out to the system optical axis. As for 
the eccentricity of each convex lens, it is desirable to suppose that it is the same. 

[0032] Moreover, as for the convex lens of two sheets, it is desirable to have the almost same focal distance. Thus, the 
lighting light of a transparency system and a reflective system can be made to superimpose on a lighting field in the 
completely same size by constituting an eccentric system lens from each convex lens. 

[0033] The portion in which it interferes on a system optical axis may produce each convex lens. Here, "interference" 
is interference (a collision, hindrance) in not the meaning on the optics of a convex lens but the meaning on 
arrangement. Therefore, in such a case, a cut etc. removes by carrying out the interference portion of each convex lens. 
[0034] Moreover, the interference portion of each convex lens can be removed and it can also consider as the one 
apparatus decentered lens joined to one. 

[0035] The liquid crystal display concerning this invention is characterized by having lighting optical system according 
to claim 1 to 15 and the liquid crystal panel arranged in the focus of the eccentric system lens of this lighting optical 
system, or its near. 

[0036] Since it is compact composition and also problems in a lighting field, such as a line of image formation and 
color nonuniformity, are solved, as the lighting optical system by this invention was mentioned above, while a bright 
and legible screen is obtained by arranging a liquid crystal panel to the focus of the above-mentioned eccentric system 
lens of this lighting optical system, or its near, a small, compact, and cheap liquid crystal display is obtained. 
[0037] Lighting optical system has a system optical axis parallel to a light source optical axis, and, as for a liquid 
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crystal panel, it is desirable to be arranged so that it may center on a system shaft. Thus, by constituting, the whole 
liquid crystal panel can be illuminated uniformly. In addition, a liquid crystal panel is applicable to both the so-called 
"light-transmission type" and a "light reflex type." 

[0038] The projector concerning this invention is characterized by having 1 which modulates the incident light from 
lighting optical system according to claim 1 to 15 and this lighting optical system according to image information or 
two or more electro-optics equipments, and the projection optical system which projects the modulation bundle of rays 
acquired with this electro-optics equipment. 

[0039] Although a liquid crystal panel or a liquid crystal light valve is generally used for the electro-optics equipment 
as a light modulation means, it is not restricted to this. Moreover, anything of a method is usable although there are a 
veneer formula, 2 board type, a 3 board type, a 4 board type, etc. from use number of sheets, such as a liquid crystal 
panel. Moreover, in the case of color display, after compounding the outgoing radiation light from electro-optics 
equipment, it projects. 

[0040] Since the system optical axis of lighting optical system can be refracted at the angle of right-angled and others 
by arranging a reflective mirror between lighting optical system and colored light separation optical system, the 
flexibility of the layout of an optical element (member) contributes to the miniaturization of increase and a projector. 
[0041] when considering as color display, it is desirable for the colored light of three colors separated by colored light 
separation optical system to be alike, respectively, and to correspond and to arrange electro-optics equipment By the 
above composition, the small and compact cheap projector corresponding to a customer's needs is obtained. 
[0042] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained with reference to a 
drawing. Drawing 1 is the plan showing the outline of the lighting optical system of this invention. This lighting optical 
system 100 consists of light equipment 10, a cylindrical optical-transmission object 20, polarization generating optical 
system 30, and an eccentric system lens 40. 50 is a liquid crystal panel and 51 is the lighting field of a liquid crystal 
panel 50. 

[0043] Light equipment 10 is equipped with the ellipse reflector 14 the light source lamp 12 and here. The ellipse 
reflector 14 is a reflecting mirror which makes a reflector the concave surface 141 which has an ellipsoid of revolution 
symmetrical with a shaft in the light source optical axis 11. Therefore, if the center 121 of the light source lamp 12 is 
arranged to the focus (the 1st focus) located in a reflector between two foci which an ellipsoid of revolution has, it will 
be reflected by the concave surface 141 and the beam of light emitted from the light source lamp 12 will gather for 
another focus (the 2nd focus) of an ellipsoid of revolution (it ****). Here, "the center of a light source lamp" means the 
center 121 of the arc of the light source lamp 12. 

[0044] Metallic-reflection films, such as for example, a dielectric multilayer or an aluminum film, and a silver film, are 
formed in the reflector of the ellipse reflector 14. Moreover, a halogen lamp, a metal halide lamp, a high-pressure 
mercury lamp, etc. are used for the light source lamp 12. 

[0045] The cross section which the cylindrical optical-transmission object 20 generally becomes from glass material 
about the example as shown in drawing 2 consists of a square rod (called a rod integrator.) 22. In addition, especially 
the cross-section configuration of a rod 22 is not limited. A rod 22 is arranged the light source optical axis 1 1 and in 
the shape of the said heart, and the incidence side edge side 221 of a rod 22 is arranged further in the 2nd focus of the 
ellipse reflector 14, or its near. Therefore, repeating total reflection for the light which carried out incidence from the 
incidence side edge side 221 on the side (inside), this rod 21 carries out a light guide to the outgoing radiation side 
edge side 222, and has the optical operation which forms the uniform surface light source in the outgoing radiation side 
edge side 222. Although especially the length of a rod 22 is not limited, in order to make the above-mentioned optical 
operation perform, a certain amount of length is required. 

[0046] The polarization generating optical system 30 is arranged at the outgoing radiation side side of the optical- 
transmission object 20. You may attach in the outgoing radiation side edge side 222 directly, and a gap may be 
prepared and arranged between the near 222, i.e., an outgoing radiation side edge side. Moreover, as shown in drawing 
5 , it can also arrange to the pars intermedia of a rod 22. The polarization generating optical system 30 consists of a 
polarization beam splitter (it is written as PBS) 32, and an alternative phase contrast board 34. 

[0047] Drawin gjj is explanatory drawing showing an optical operation of a polarization beam splitter, what constitutes 
the polarization generating optical system 30 made to generate linearly polarized light light in order that PBS32 may 
use lighting light without a bias efficiently ~ it is - a cross section - the translucency of the letter of a block of a right 
triangle (or letter of a chip) - a member 321 and a cross section ~ the translucency of the letter of a block of a 
parallelogram (or letter of a chip) - it has composition which stuck the member 322 and both translucencies ~ the 
junction interface of a member 321,322, and a translucency - the polarization demarcation membrane 323 and the 
reflective film 324 are formed in the external slant face of a member 322, respectively moreover, the configuration of 
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the outgoing radiation side of the polarization generating optical system 30, i.e., a translucency, — each of the outgoing 
radiation side 325,326 of a member 321,322 serves as the lighting field 51 of a liquid crystal panel 50, and an analog 
[0048] In this example, the alternative phase contrast board 34 is lambda / 2 phase-contrast board (lambda is the 
wavelength of light) 341, and is arranged alternatively in the outgoing radiation side of PBS32. With lambda / 2 phase- 
contrast board 341, outgoing radiation of the p-polarized light light which penetrates the polarization demarcation 
membrane 323 is changed and carried out to s-polarized light light, the case where he wants to arrange with p- 
polarized light light the linearly polarized light light which carries out outgoing radiation from PBS32 — lambda / 2 
phase-contrast board 341 - the translucency by the side of a reflective system -- what is necessary is just to arrange to 
the outgoing radiation side of a member 322 

[0049] The eccentric system lens 40 has a function as a **** lens which illuminates uniformly the lighting field 51 of a 
liquid crystal panel 50. This eccentric system lens 40 consists of convex lenses (decentered lens) 42 and 44 of two 
sheets arranged at each optical path of the transparency system of the linearly polarized light light by which outgoing 
radiation is carried out from PBS32, and a reflective system. Eccentricity of the convex lenses 42 and 44 is mutually 
carried out to the opposite direction (it sets to drawing 1 and is the vertical direction) to the system optical axis 101 
parallel to the light source optical axis 1 1. the system optical axis 101 - a reflective system side translucency - it is the 
axis set up so that the cross-section center (it is the intersection of the diagonal line of a parallelogram cross section in 
the case of drawing 1 ) of a member 322 and the center of the lighting field 51 of a liquid crystal panel 50 may be 
connected Each convex lenses 42 and 44 are arranged with the eccentricity same on the straight line which intersects 
perpendicularly with the system optical axis 101. 

[0050] Thus, the decentered lenses 42 and 44 which consist of each convex lens are used after cutting the interference 
portions (portion shown by the dotted line in drawing 1 etc.) 43 and 45 when [ which connects a focus on a liquid 
crystal panel 50 (it ****) ] two decentered lenses 42 and 44 interfere mutually, since it is arranged like (it arranges). Or 
you may use the one apparatus decentered lens 46 of the shape of the shape of "a character of 8" which removed the 
interference portion and joined two decentered lenses 42 and 44 in one, and a cocoon type (refer to drawing 4 (c)). The 
portions which decentered lenses 42 and 44 remove are [ the portion below the system optical axis 101 and the 
decentered lens 44 of another side of one decentered lens 42 ] portions above the system optical axis 101. 
[0051] Since the lighting optical system 100 of this operation form is constituted as mentioned above, it explains the 
optical operation below. 

[0052] In light equipment 10, it is reflected by the ellipse reflector 14 and the bundle of rays (lighting light) by which 
outgoing radiation was carried out to the radial from the light source lamp 12 is ****(ed) to the 2nd focus of the ellipse 
reflector 14. Since the incidence side edge side 221 of a rod 22 is arranged in the 2nd focus of the ellipse reflector 14, 
or its near, from the incidence side edge side 221 of a rod 22, incidence of the bundle of rays by which outgoing 
radiation was carried out from light equipment 10 is carried out, it repeats reflection on the side, and the light guide of 
the inside of a rod 22 is carried out, and it will be in the state of having an illumination distribution more uniform than 
the outgoing radiation side edge side 222, namely, will carry out outgoing radiation in the state of the surface light 
source. 

[0053] from the outgoing radiation side edge side 222 of a rod 22, the bundle of rays which carried out outgoing 
radiation is separated into p-polarized light light and s-polarized light light by the polarization demarcation membrane 
323 in PBS32, p-polarized light light serves as a transparency system which penetrates the polarization demarcation 
membrane 323, and s-polarized light light is reflected by the polarization demarcation membrane 323 — having — a 
translucency - toward the reflective film 324 of a member 322, by this reflective film 324, it is reflected again and 
outgoing radiation is carried out The reflective system of s-polarized light light is formed here. The polarization 
direction is changed into the p-polarized light light which penetrated the polarization demarcation membrane 323 by 
lambda / 2 phase-contrast board 341, it turns into s-polarized light light, and outgoing radiation is carried out. Thus, 
outgoing radiation of the linearly polarized light light of the wavelength to which the phase was equal by the 
transparency system and the reflective system is carried out from the polarization generating optical system 30, and it 
carries out incidence to the eccentric system lens 40. 

[0054] Here, an optical operation of the eccentric system lens 40 is explained with reference to drawin g 4 . Drawing 4 
(a) shows an optical operation of a decentered lens 42, and drawing 4 (b) shows an optical operation of a decentered 
lens 44. Moreover, drawing 4 (c) piles up and shows both. In drawing 4 , in the center of a decentered lens 42, and 422, 
the optical axis of a decentered lens 42 and 441 show the center of a decentered lens 44, and 442 shows [ 101 / a 
system optical axis and 421 ] the optical axis of a decentered lens 44. Moreover, 43 and 45 are the interference portions 
of decentered lenses 42 and 44, and are a portion to remove. 

[0055] In drawin g 4 (a), the erection body PI placed on the system optical axis 101 forms the inverted image Ql which 
intersects perpendicularly with the system optical axis 101 and the optical axis 422 of a decentered lens 42 by the 
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decentered lens 42. the segment from the optical axis 422 of the erection body PI ™ length pi 1 and pl2 ~ respectively 
-- an inverted image Ql — setting - the segment from an optical axis 422 it corresponds to length ql 1 and ql2 
[0056] In drawing 4 (b), the handstand body P2 put on the bottom of the system optical axis 101 forms the direct image 
Q2 which intersects perpendicularly with the system optical axis 101 and the optical axis 442 of a decentered lens 44 
by the decentered lens 44. the segment from the optical axis 442 of the handstand body P2 — length p21 and p22 — 
respectively - the direct image Q2 - setting - the segment from an optical axis 442 ~ it corresponds to length q21 and 
q22 

[0057] Since the focal distance of a decentered lens 42 and a decentered lens 44 is equal, as shown in drawing 4 (c), an 
image Ql and an image Q2 pile up in the same size on a liquid crystal panel 50. Therefore, the line of image formation 
arises in the center section of the lighting field 51, and by the variation on manufacture of the reflection factor of the 
polarization demarcation membrane 323 of PBS32, 50%, even if not the same as 50% of pairs, neither color 
nonuniformity nor light and darkness arises to the lighting field 51. Therefore, the whole lighting field of a liquid 
crystal panel 50 can be illuminated by the uniform illumination distribution. 

[0058] Drawing 5 shows the installation position of PBS in a rod. Although PBS32 has been arranged with the 
operation gestalt of drawing 1 to the outgoing radiation side edge side 222 of a rod 22, or its near, as shown in drawing 
5 , you may install it in the pars intermedia of a rod 22. in the transparency system of PBS32, the 2nd rod 24 arranges 
through the polarization demarcation membrane 323 ~ having — the reflective system of PBS32 - a translucency — the 
3rd rod 26 is arranged through the member 327 and the total reflection prism 328 moreover, a translucency — the 
interval of the 2nd rod 24 and the 3rd rod 26 can be freely adjusted by adjusting the length of a member 327 (setup) In 
addition, since it will become elliptically polarized light if the length of this interval and the 2nd, and the 3rd rod 24 
and 26 is lengthened not much, it is not desirable. The alternative phase contrast board 34 is arranged at the outgoing 
radiation side side of the 2nd rod 24 or the 3rd rod 26. Moreover, a total reflection prism 328 can also be arranged in 
the state of contacting a rod 22. 

[0059] Drawing 6 is the outline plan showing other operation gestalten of the lighting optical system of this invention. 
With this operation gestalt, the point that light equipment 10 has composition containing the parabola reflector 16 and a 
convex lens 18 is different from the operation gestalt of drawing 1 . The parabola reflector 16 is a reflecting mirror 
which makes a reflector the concave surface 161 which has paraboloid of revolution symmetrical with a shaft in the 
light source optical axis 11. Therefore, if the center of the light source lamp 12 is arranged to the focus of paraboloid of 
revolution, since the bundle of rays which carries out outgoing radiation to a radial will serve as an parallel light 
parallel to the light source optical axis 1 1 from the light source lamp 12 and incidence will be carried out to a convex 
lens 18, the same operation effect as the operation gestalt of drawing 1 is acquired by arranging the incidence side edge 
side 221 of a rod 22 to the focus of this convex lens 1 8, or its near. 

[0060] Next, an example of the projector which applied the lighting optical system of this invention is shown in 
drawing 7 . Drawing 7 is a thing using the lighting optical system 100 of drawing 1 , and although the projector 1000 
of this use gestalt is equipped with three liquid crystal light valves 300R, 300G, and 300B corresponding to the colored 
light of three colors of red (R), green (G), and blue (B), respectively A liquid crystal panel or a liquid crystal light 
valve can apply the lighting optical system of this invention similarly by the case of a veneer formula, 2 board type, or 
4 board type. 

[0061] In the projector 1000 of drawing 7 , the lighting optical system 100 mentioned above, the colored light 
separation optical system 200 which divides lighting light into the colored light of three colors, the relay optical system 
210, three liquid crystal light valves 300R, 300G, and 300B, the cross dichroic prism 400 that is colored light 
composition optical system, and projection optical system 500 are made into main components. Moreover, the 
projector 1000 is constituted small and compactly by arranging the reflective mirror 110 between the lighting optical 
system 100 and the colored light separation optical system 200, and refracting the system optical axis 101 right-angled. 

[0062] In this projector 1000, the bundle of rays (lighting light) by which outgoing radiation was carried out from the 
lighting optical system 100 A light guide is carried out to the focus of the bundle of rays, or its near with the optical- 
transmission object 20 with which the incidence side edge side has been arranged. After the bundle of rays which 
carries out outgoing radiation is almost changed into one kind of linearly polarized light light by the polarization 
generating optical system 30, carries out outgoing radiation with it from an outgoing radiation side edge side and being 
further superimposed with the eccentric system lens 40, it is led to the colored light separation optical system 200 by 
the reflective mirror 1 10. And each colored light separated and divided into the colored light of three colors of red (R), 
green (G), and blue (B) in the colored light separation optical system 200 is modulated corresponding to image 
information in the liquid crystal light valves 300R, 300G, and 300B. Each modulated colored light will be compounded 
with the cross dichroic prism 400, and a projection indication of the picture will be given on a screen (not shown) by 
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the projection optical system 500. 

[0063] The colored light separation optical system 200 is equipped with two dichroic mirrors 202,204 and the 
reflective mirrors 206, and has the function to separate into the colored light of three colors of red (R), green (G), and 
blue (B) the bundle of rays by which outgoing radiation is carried out from the lighting optical system 100. The 1st 
dichroic mirror 202 reflects a part for blue Mitsunari, and a green light component while making the red light 
component of the light by which outgoing radiation was carried out from the lighting optical system 100 penetrate. It is 
reflected by the reflective mirror 206 and outgoing radiation of the red light R which penetrated the 1st dichroic mirror 
202 is carried out towards the cross dichroic prism 400. The red light R reflected by the reflective mirror 206 reaches 
liquid crystal light-valve 300R for red light through the field lens 201 further. The field lens 201 changes in parallel the 
bundle of rays by which outgoing radiation is carried out from the eccentric system lens 40 of the lighting optical 
system 100 to the system optical axis 101. In addition, the same is said of the field lens 203,205 prepared in the optical 
plane-of-incidence side of other liquid crystal light valves 300G and 300B. 

[0064] Among the green light G reflected with the 1st dichroic mirror 202, and a blue glow B, it is reflected by the 2nd 
dichroic mirror 204 and outgoing radiation of the green light G is carried out towards the cross dichroic prism 400. The 
green light G reflected by the 2nd dichroic mirror 204 amounts to liquid crystal light- valve 300G for green light 
through the field lens 203 further. On the other hand, outgoing radiation of the blue glow B which penetrated the 2nd 
dichroic mirror 204 is carried out from the colored light separation optical system 200, and it carries out incidence to 
the relay optical system 210. 

[0065] The relay optical system 210 is equipped with the incidence side lens 212, the relay lens 214, and the reflective 
mirror 216,218, and the blue glow B which carried out incidence to the relay optical system 210 reaches liquid crystal 
light-valve 300B for blue glows via the incidence side lens 212, the reflective mirror 216, a relay lens 214, the 
reflective mirror 218, and the field lens 205. In addition, the reason for using the relay optical system 210 for the blue 
glow B is because the length of the optical path of a blue glow B is longer than the length of the optical path of other 
colored light R and G, and is for preventing decline in the use efficiency of the light by diffusion of light etc. That is, it 
is for telling the bundle of rays of the lighting light which carried out incidence to the incidence side lens 212 to the 
field lens 205 as it is. 

[0066] Three liquid crystal light valves 300R, 300G, and 300B It has a liquid crystal panel (not shown) as electro- 
optics equipment, and the polarizing plate (not shown) arranged at the optical optical plane-of-incidence and outgoing 
radiation side side, respectively. Furthermore, red other than liquid crystal light- valve 300G for green light and the 
liquid crystal light valves 300R and 300B for blue glows equip the optical outgoing radiation side side with lambda / 2 
phase-contrast board (not shown), respectively. 

[0067] Separated by the colored light separation optical system 200 as mentioned above, according to the given image 
information (picture signal), it becomes irregular, and each colored light which carried out incidence to three liquid 
crystal light valves 300R, 300G, and 300B generates the picture of each colored light. 

[0068] The cross dichroic prism 400 generates a synthetic light which compounds the colored light (modulation bundle 
of rays) of three colors modulated by penetrating the liquid crystal light valves 300R, 300G, and 300B, and expresses a 
color picture. The red-reflex film 401 and the blue reflective film 402 are formed in the interface of four rectangular 
prisms in the shape of abbreviation for X characters at the cross dichroic prism 400. The red-reflex film 401 is formed 
of the dielectric multilayer which chooses red light and is reflected, and the blue reflective film 402 is formed of the 
dielectric multilayer which chooses a blue glow and is reflected. The colored light of three colors is compounded with 
these red-reflex films 401 and blue reflective films 402, and a synthetic light showing a color picture is generated. 
[0069] In addition, the reflection property of two reflective films 401,402 formed in the cross dichroic prism 400 
excels p-polarized light light in the s-polarized light light, and conversely, since the p-polarized light light is superior to 
s-polarized light light, a transparency property makes light which should be reflected by two reflective films 401,402 s- 
polarized light light, and makes light which should penetrate two reflective films 401,402 p-polarized light light. This 
is for raising the use efficiency of the light in the cross dichroic prism 400. 

[0070] Outgoing radiation of the synthetic light generated with the cross dichroic prism 400 is carried out in the 
direction of the projection optical system 500 which has a zoom mechanism. The projection lens 502 which constitutes 
the projection optical system 500 carries out expansion projection of the synthetic light by which outgoing radiation 
was carried out from the cross dichroic prism 400, and displays a color picture on a screen (not shown). 
[0071] In addition, although the above-mentioned operation gestalt explained the case where this invention was applied 
to the projector which used the penetrated type liquid crystal light valve, this invention is applicable also to the 
projector which used the reflected type liquid crystal light valve. Here, the "penetrated type" means that it is the type 
whose liquid crystal light valve penetrates light, and means that a "reflected type" is a type whose liquid crystal light 
valve reflects light. In the projector which adopted the reflected type liquid crystal light valve, while a dichroic prism is 
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used as a colored light separation means to divide light into the light of three colors of red, green, and blue, it may be 
used also as a colored light composition means which compounds the light of three modulated colors and carries out 
outgoing radiation in the same direction. 

[0072] Moreover, although the front projection type display which performs projection, and the direction which 
observes a projection image have as a projector the tooth-back projector which performs projection from an opposite 
side from the direction which observes a projection image, the composition shown with the above-mentioned operation 
gestalt is applicable to the all. 

[0073] Moreover, although the above-mentioned operation gestalt explained the projector which displays a color 
picture to the example, it is also possible to apply the lighting optical system of this invention to the projector which 
displays a monochrome picture. Also in this case, the same effect as the above-mentioned projector can be acquired. 
[0074] In the above-mentioned operation gestalt, although the projector shows the example which used the liquid 
crystal panel as electro-optics equipment, it is not restricted to this. Generally as electro-optics equipment, you may use 
micro mirror type light modulation equipment etc. that what is necessary is just what modulates an incident light 
according to image information. As micro mirror type light modulation equipment, DMD (digital micro mirror device) 
(trademark of TI company) can be used, for example. 
[0075] 

[Effect of the Invention] Since lighting optical system of this invention was considered as the composition which 
arranges this eccentric system lens on the optical path of the transparency system of the polarization generating optical 
system arranged at the outgoing radiation side side of an optical-transmission object, and a reflective system using the 
eccentric system lens as mentioned above Since a transparency system and a reflective system will be piled up and 
illuminated in a lighting field, a line, color nonuniformity, etc. of image formation do not arise, but a lighting field can 
be illuminated uniformly. And it is compact lighting optical system. 

[0076] Moreover, since the liquid crystal display and projector of this invention use the above-mentioned lighting 
optical system and optical composition becomes brief, compact and cheap equipment is obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Lighting optical system characterized by providing the following Light equipment The cylindrical optical- 
transmission object with which the incidence side edge side has been arranged in the focus of the bundle of rays by 
which outgoing radiation is carried out from the aforementioned light equipment, or its near Polarization generating 
optical system arranged at the outgoing radiation side edge side, its near, or the pars intermedia of the aforementioned 
optical-transmission object The eccentric system lens arranged on the optical path of the transparency system of the 
aforementioned polarization generating optical system, and a reflective system 

[Claim 2] The aforementioned light equipment is lighting optical system according to claim 1 characterized by 
arranging the incidence side edge side of the aforementioned optical-transmission object to the 2nd focus of this ellipse 
reflector, or its near including an ellipse reflector. 

[Claim 3] The aforementioned light equipment is lighting optical system according to claim 1 characterized by 
arranging the incidence side edge side of the aforementioned optical-transmission object to the focus of this convex 
lens, or its near including a parabola reflector and a convex lens. 

[Claim 4] The aforementioned optical-transmission object is lighting optical system according to claim 1 to 3 
characterized by the bird clapper from a rod. 

[Claim 5] The aforementioned polarization generating optical system is lighting optical system according to claim 1 to 
4 characterized by the bird clapper from the polarization beam splitter containing a polarization demarcation membrane 
and a reflective film. 

[Claim 6] the translucency which constitutes the reflective system of the aforementioned polarization generating 
optical system - the lighting optical system according to claim 1 to 5 which adjusts the interval of a transparency 
system and a reflective system and is characterized by the bird clapper by adjusting the length of a member 
[Claim 7] The aforementioned polarization generating optical system is lighting optical system according to claim 1 to 
6 characterized by including the polarization beam splitter arranged at the aforementioned transparency system, and the 
total reflection prism arranged at the aforementioned reflective system. 

[Claim 8] Lighting optical system according to claim 7 characterized by making a translucency member intervene 
between the aforementioned polarization beam splitter and the aforementioned total reflection prism. 
[Claim 9] Lighting optical system according to claim 1 to 8 characterized by having arranged the phase contrast board 
in either the transparency system of the aforementioned polarization generating optical system, or the reflective system. 

[Claim 10] The outgoing radiation side of the aforementioned polarization generating optical system is lighting optical 
system according to claim 1 to 9 characterized by being a lighting field and an analog. 
[Claim 11] The aforementioned eccentric system lens is lighting optical system according to claim 1 to 10 
characterized by the bird clapper from the convex lens of two sheets arranged at the transparency system and reflective 
system of the aforementioned polarization generating optical system, respectively. 

[Claim 12] The convex lens of the two aforementioned sheets is lighting optical system according to claim 1 1 
characterized by carrying out eccentricity to an opposite direction mutually, and being arranged to a system optical axis 
parallel to the light source optical axis of the aforementioned light equipment. 

[Claim 13] The convex lens of the two aforementioned sheets is lighting optical system according to claim 11 or 12 
characterized by having the almost same focal distance. 

[Claim 14] The convex lens of the two aforementioned sheets is lighting optical system according to claim 1 1 to 13 
which removes an interference portion and is characterized by the bird clapper. 

[Claim 15] The convex lens of the two aforementioned sheets is lighting optical system according to claim 1 1 to 14 
characterized by the bird clapper from the one apparatus decentered lens which removed the interference portion and 
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was joined to one. 

[Claim 16] The liquid crystal display characterized by having lighting optical system according to claim 1 to 15 and the 
liquid crystal panel arranged in the focus of the eccentric system lens of this lighting optical system, or its near. 
[Claim 17] It is the liquid crystal display according to claim 16 which the aforementioned lighting optical system has a 
system optical axis parallel to a light source optical axis, and is characterized by arranging the aforementioned liquid 
crystal panel so that it may center on the aforementioned system optical axis. 

[Claim 18] The projector characterized by having 1 which modulates the incident light from lighting optical system 
according to claim 1 to 15 and this lighting optical system according to image information or two or more electro- 
optics equipments, and the projection optical system which projects the modulation bundle of rays acquired with this 
electro-optics equipment. 

[Claim 19] The projector according to claim 18 characterized by having arranged the reflective mirror between the 
aforementioned lighting optical system and colored light separation optical system. 

[Claim 20] The aforementioned electro-optics equipment is a projector according to claim 18 or 19 which arranges 
corresponding to each of the colored light of three colors separated by the aforementioned colored light separation 
optical system, and is characterized by the bird clapper. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the outline plan of the lighting optical system of this invention. 

[Drawing 2 ] It is drawing showing an optical operation of the optical- transmission object of drawing 1 , and (a) is the 
plan of an optical-transmission object and (b) is a cross section. 

[Drawing 3] It is explanatory drawing showing an optical operation of the polarization generating optical system 
arranged near the outgoing radiation side edge side of an optical-transmission object. 

[Drawing 4] It is explanatory drawing showing an optical operation of an eccentric system lens, and the geometrical 
optics view of each decentered lens and (c of (a) and (b)) are composite charts. 

[Drawing 5] It is drawing showing the example which arranges polarization generating optical system to the pars 
intermedia of an optical-transmission object. 

[Drawin g 6] It is the outline plan showing the lighting optical system by other operation gestalten of this invention. 

[Drawing 7] It is the outline plan of the projector which is 1 use gestalt of the lighting optical system of this invention. 

[Drawing 8] It is the outline plan of the conventional lighting optical system. 

[Drawing 9] It is the outline plan of other conventional lighting optical system. 

[Drawing 10] It is the outline plan of the conventional lighting optical system of further others. 

[Description of Notations] 

10 Light Equipment 

1 1 Light Source Optical Axis 

12 Light Source Lamp 
14 Ellipse Reflector 
16 Parabola Reflector 
18 Convex Lens 

20 Optical-Transmission Object 
22 Rod 

30 Polarization Generating Optical System 
32 Polarization Beam Splitter (PBS) 
34 Alternative Phase Contrast Board 
40 Eccentric System Lens 
42 44 Convex lens (decentered lens) 
46 One Apparatus Decentered Lens 

50 Liquid Crystal Panel 

51 Lighting Field 

100 Lighting Optical System 

101 System Optical Axis 
110 Reflective Mirror 

200 Colored Light Separation Optical System 
2 1 0 Relay Optical System 

221 Incidence Side Edge Side of Rod 

222 Outgoing Radiation Side Edge Side of Rod 
300R, 300G, 300B Liquid crystal light valve 
400 Cross Dichroic Prism 

500 Projection Optical System 
1000 Projector 
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DRAWINGS 



[Drawing 2 
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[Drawing 4] 
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[Drawing 7] 
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[Drawing 8] 
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